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和文要約	
【目的】建造環境(built	environment)と筋骨格系疼痛の関連に注目した研究はほとんどない．そ
こで本研究は，近隣のウォーカビリティ(neighborhood	walkability)と高齢者の膝痛，腰痛と
の関連を明らかにすることを目的とした．	
【方法】要介護認定を受けていない65歳以上の高齢者を対象とした日本老年学的評価研究
(JAGES)の2013年の自記式郵送調査データを用いた．30市町村の22,892人を792の小地域（およ
そ学区）に分けて集計し，マルチレベルポアソン回帰分析を行った．小地域単位で集計した個
人のウォーカビリティへの認識と人口密度を説明変数とした．目的変数は過去1年間で日常生活
に制限を認めた膝痛，腰痛とした．	
【結果】有訴率は膝痛で26.2%，腰痛で29.3％であった．社会経済的因子を調整しても，ウォー
カビリティが高いと膝痛と腰痛の有病率は低かった．さらに中間因子として想定したBMI，歩行
時間，身体活動，車の運転，うつ症状を調整後も関連はほぼ変わらず，公園や歩道へのアクセ
ス，生鮮食料品店へのアクセス，人口密度が高いと膝痛や腰痛の有病率が有意に低かった．さ
らに人口密度を追加調整すると，坂や段差が少なく歩きやすい地域では膝痛を有する者が少な
かった	(prevalence	ratio	0.91,	95%	confidence	interval	0.85–0.99)．	
【結論】公園や歩道，生鮮食料品店へのアクセスが良く，坂や段差が少なく歩きやすく，人口
密度が高いなどのウォーカビリティが高い地域に暮らす高齢者で膝痛と腰痛は少なかった．横
断研究のため因果関係には言及できないが，ウォーカビリティ向上が筋骨格系疼痛を抑制する
可能性が示された．今後は個人要因だけでなく，痛みに対する環境要因の研究が望まれる．	
Abstract: Few studies have focused on a relationship between the built environment and 
musculoskeletal pain. This study aimed to investigate an association between neighborhood walkability 
and knee and low back pain in older people. Data were derived from the Japan Gerontological 
Evaluation Study (JAGES) 2013, a population-based study of independently living people ≥65 years old. 
A cross-sectional multilevel analysis was performed, of 22,892 participants in 792 neighborhoods. 
Neighborhood walkability was assessed by residents’ perceptions and population density. Dependent 
variables were knee and low back pain restricting daily activities within the past year. The prevalence of 
knee pain was 26.2% and of low back pain 29.3%. After adjusting for sociodemographic covariates, the 
prevalence ratio (PR) of knee and low back pain was significantly lower in neighborhoods with better 
access to parks and sidewalks, good access to fresh food stores, and higher population densities. After 
additionally adjusting for population density, easier walking in neighborhoods without slopes or stairs 
was significantly inversely correlated with knee pain (PR 0.91, 95% confidence interval 0.85–0.99). 
Neighborhoods with walkability enhanced by good access to parks and sidewalks and fresh food stores, 
easy walking without slopes or stairs, and high population densities, had lower prevalences of knee and 
low back pain among older people. Further studies should examine environmental determinants of pain. 
Keywords: neighborhood walkability; built environment; musculoskeletal pain; knee pain; low back 
pain; older people; multilevel analysis 
 
1. Introduction 
Musculoskeletal diseases, including osteoarthritis (OA), are major public health problems. Between 
one in three and one in five people live with painful musculoskeletal conditions, making these diseases 
the second highest contributor to global disability. Low back pain alone is the leading cause of disability 
worldwide [1]. A strong relationship exists between musculoskeletal pain and a reduced capacity to 
engage in physical activity. This often results in functional decline, frailty, reduced quality of life, and 
loss of independence [2]. The prevalence and impact of musculoskeletal diseases are particularly high in 
older people. While OA may be treated surgically when severe, it is now considered amenable to 
prevention and treatment in the early stages [3]. For example, weight loss for obesity, prevention of injury, 
and exercise have all been shown to be effective in reducing knee and lower back pains [4,5] Although 
strong evidence supports the benefits of regular exercise, physical inactivity remains highly prevalent 
worldwide [6]. In fact, the number of daily steps people take in Japan is decreasing year by year, despite 
the fact that walking, the most frequent type of exercise, is recommended by national health policy [7,8]. 
For many, however, it is difficult to get regular exercise, and there are limitations to the effects of policy 
pronouncements at the individual level where a number of other factors are in play. 
One of these factors, the built environment, has been found to exert a noticeable influence on health 
[9–11]. The World Health Organization recommends improving the built environment as a way to 
promote healthy aging [12]. The built environment is related to physical activity [13,14], most notably in 
terms of neighborhood walkability [15,16]. Neighborhood walkability is a measure of how friendly the 
residential built environment is to walk in. It is generally expressed as a composite index of population 
density, land-use diversity, and pedestrian-friendly design [17]. Neighborhood walkability has been 
shown to be related to time spent walking [18], physical activity [15], obesity [19], and depression [20]. 
These are all factors which are also well known to be associated, in one way or another, with 
musculoskeletal pain. 
However, few studies have investigated an association between the built environment and 
musculoskeletal pain. If neighborhood walkability is associated in some way with musculoskeletal pain, it 
would become clear that not only individual factors but environmental factors can be addressed in 
policies designed to prevent musculoskeletal pain. Therefore, we aimed to examine whether 
neighborhood walkability is related to knee and low back pain, focusing on older people in Japan. 
2. Methods 
2.1. Study Design and Participants 
The present study is based on the Japan Gerontological Evaluation Study (JAGES), an ongoing 
population-based cohort study in Japan [21]. In 2013, self-reported questionnaires were mailed to 193,694 
community-dwelling, independently-living individuals aged 65 years or older, of whom 137,736 
responded to the survey (response rate, 71.1%). Participants with missing values for ID, age, or sex (n = 
7996); who needed assistance in activities of daily living (n = 4247); or people living in communities 
with less than 30 respondents (n = 2108) were excluded from the analysis. A total of 123,385 participants’ 
responses from 792 communities were used to evaluate neighborhood walkability. About one-fifth of the 
total participants (n = 24,806) was randomly selected, including some from each of the 792 communities, 
to complete a survey module enquiring about pain. The module was a planned part of the JAGES. 
Because long-term exposure to neighborhood walkability was considered to be beneficial, we excluded 
residents who had lived in their neighborhood for 3 years or less (n = 732). Responses were also excluded 
if data on knee and low back pain was missing (n = 1182). This left responses from 22,892 participants 
that were included in the subsequent analysis (Figure 1). Our research protocol and informed consent 
method were approved by the Ethics Committee of Nihon Fukushi University (number 13–14). 
 Figure 1. Flow of participant selection for the study of neighborhood walkability and musculoskeletal 
pain (n = 22,892). ID, identification; ADL, activities of daily living. 
2.2. Outcome Variables 
Data on the presence of knee and low back pain within the last year were collected in the survey by 
asking the following two questions. “In the past year, have you had knee pain that restricts your daily 
activities? In the past year, have you had low back pain that restricts your daily activities?” A response of 
“yes” was defined as the presence of pain. 
2.3. Neighborhood Walkability 
Many studies have established the predictive value of residents’ perceptions as a measure of 
neighborhood walkability [22,23]. Previously studied relationships include those between access to parks 
and body mass index (BMI) [24], food environment and mortality rate [25], and walking up slopes and 
diabetes control [26]. While some studies demonstrate that objective measures affect various health 
outcomes [19], two studies reported that subjective walkability rather than objective geographic 
information system-based data was associated with health outcomes [25,27]. Subjective walkability has 
the advantage of easily grasping the actual situation; for example, it can change depending on factors 
such as the size, number, and design during the evaluation of parks and sidewalks. Moreover, there are 
few studies on walkability in Japan, and the validity of objective indicators has not been sufficiently 
verified. Therefore, we used subjectively assessed walkability as an explanatory variable. 
We evaluated neighborhood walkability by asking about access to parks and sidewalks, access to 
fresh food stores, and easy walking without slopes or stairs. Three questions were posed about the 
neighborhood within 1 km of the participant’s house. “How do you feel about access to parks and 
sidewalks when walking? How many stores or facilities selling fresh fruit and vegetables are located near 
you? How do you feel about easy walking without slopes or stairs?” Responses were given on a 
four-point Likert scale, with 1 = none, 2 = a few, 3 = some, and 4 = many. The average of the points in 
each neighborhood was used to compare each walkability variable, resulting in a minimum of 1 and a 
maximum of 4 continuous points. To assess neighborhood walkability, we used the data derived from all 
123,385 participants rather than only the smaller subset (n = 22,892) of individuals who responded to the 
questions about knee and low back pain. 
We also used population density as a variable because it is one of the main factors associated with 
neighborhood walkability, as it includes factors such as land-use mix, access to public transport, and 
number of walkable destinations [17,28]. The population density of each of the 792 communities 
included for analysis was calculated using the 2010 census and Land Utilization Tertiary Mesh Data (as 
of 2010) of the National Land Numerical Information from the Ministry of Land, Infrastructure, 
Transport, and Tourism in Japan based on the 1:25,000 Topographic Map of Japan [29]. These 
calculations excluded undeveloped areas (e.g., rivers, lakes, forest, and wasteland). Quartiles of 
population density (persons/km2) were used for analysis. 
2.4. Covariates 
For individual covariates, sociodemographic data, behavior, and health status were used. 
Sociodemographic covariates included sex, age (65–69, 70–74, 75–79, 80–84, and ≥85 years old), 
educational background (<10, 10–12, and ≥13 years), equivalent annual income (<2, 2–3.9, and ≥4 
million yen per year), and past occupation (white-collar workers, blue-collar workers, primary industry 
workers, or never worked before) [30,31]. Primary industry workers in agriculture, forestry, and fisheries 
were considered separately from other blue-collar workers because those three occupations are known to 
be strongly associated with musculoskeletal pain [32]. Behaviors and health status covariates assessed 
included time spent walking (<30, 30–59, and ≥60 min a day), frequency of physical activity (<2, 2–3, 
and ≥4 times a week), driving status (driving a car by themselves or not) [33], BMI (<18.5, 18.5–24.9, 
and ≥25 kg/m2), and depression (none, mild, severe) [34]. Physical activity referred to medium intensity 
exercise, such as walking quickly, dancing, and golf [35]. Participants were classified in three groups 
based on scores from the Japanese version of the Geriatric Depression Scale-15 [36,37]: not depressed 
(<5), mildly depressed (5–9), or severely depressed (≥10) [38,39]. Missing data was counted and listed as 
missing. 
2.5. Statistical Analysis 
We first calculated the association between each neighborhood walkability factor and knee or low 
back pain using Pearson’s correlation coefficient. Multilevel Poisson regression models were then 
analyzed to investigate the association between neighborhood walkability and pain. An initial model was 
specified to assess the crude association between neighborhood walkability and knee or low back pain. 
This was then adjusted in Model 1 using sex, age, equivalent annual income, educational background, and 
past occupation as individual confounders to evaluate the influence of sociodemographic factors. Model 2 
was additionally adjusted for walking time, physical activity, driving status, BMI, and depressive 
symptoms as potential confounders. As population density strongly affects various aspects and is easy to 
correlate with other walkability [28,40]. For example, in order to clarify that it is not just the influence of 
population density, we additionally adjusted the population density in Model 3. Using Appendix A, we 
identified whether covariates affected the outcomes. Stata 14.0 (StataCorp LP, College Station, TX, 
USA) was used, and prevalence ratios (PR) and 95% confidence intervals (CI) were calculated from the 
regression models. The significance level was set at 0.05. Participants with missing covariate data were 
still included in the analysis. 
3. Results 
The prevalence of knee pain and low back pain was 26.2% (n = 6257) and 29.3% (n = 6989), 
respectively (Table 1). The largest proportion by age was 70 to 74 years old (30.3%), followed by those 
65 to 69 years old (28.0%). Approximately two-thirds of the participants had normal BMIs and no 
depression. More than a third (38.7%) walked >60 min; another third (35.2%) walked 30 to 59 min; and 
23.9% walked <30 min. About half drove a car. 
Table 1. Characteristics of older Japanese adults surveyed in JAGES 2013 with regard to neighborhood 
walkability (n = 22,892). 
Characteristics n % 
Sex 
  
 
Male 11,114 46.5 
 
Female 12,775 53.5 
Age, years 
  
 
65–69 6690 28 
 
70–74 7231 30.3 
 
75–79 5330 22.3 
 
80–84 3147 13.2 
 
85+ 1491 6.2 
Educational background, years 
  
 
13+ 4713 19.7 
 
10–12 8819 36.9 
 
<10 9974 41.8 
 
Missing 383 1.6 
Equivalent annual income, yen 
  
 
4.0+ million 2025 8.5 
 
2.0–3.9 million 7140 29.9 
 
<2.0 million 9875 41.3 
 
Missing 4849 20.3 
Past occupation 
  
 
White-collar worker 8481 37.1 
 
Blue-collar worker 9494 41.5 
 
Primary industry worker 1291 5.6 
 
Never worked 1170 5.1 
 
Missing 2456 10.7 
Walking time, min 
  
 
60+ 9241 38.7 
 
30–59 8401 35.2 
 
<30 5704 23.9 
 
Missing 543 2.3 
Physical activity 
  
 
Daily 6858 28.7 
 
Weekly 6517 27.3 
 
Annually 3379 14.1 
 
None 4999 20.9 
 
Missing 2136 8.9 
Driving status 
  
 
No 10,854 45.6 
 
Yes 12,967 54.4 
Body mass index, kg/m2 
  
 
18.5–24.9 16,006 67 
 
<18.5 1665 7 
 
25+ 6153 25.8 
 
Missing 65 0.3 
Depression 
  
 
None (GDS < 5) 14,223 62.1 
 
Mild (GDS of 5–9) 3603 15.7 
 
Severe (GDS ≥ 10) 1143 5 
 
Missing 3923 17.1 
Knee pain 
  
 
Yes 6314 26.2 
 
Missing 646 2.8 
Low back pain 
  
 
Yes 7050 29.3 
 
Missing 657 2.9 
GDS = Geriatric Depression Scale; JAGES = Japan Gerontological Evaluation Study. 
The means for the three subjective neighborhood walkability factors ranged from 2.56 to 2.97 
(Table 2). The mean population density was 6543 persons/km2 (22–31,565 persons/km2). Reports by 
neighborhood of knee pain ranged from 15.6% to 51.4%, and of low back pain, from 13.6% to 51.4%. 
The Pearson correlations between neighborhood walkability factors were all significant. The correlations 
were relatively high between access to parks and sidewalks and access to fresh food stores; access to 
parks and sidewalks and population density; and access to fresh food stores and population density (0.44 
to 0.59). There were significant negative correlations between knee pain and access to parks and 
sidewalks (−0.21); knee pain and population density (−0.33); and low back pain and population density 
(−0.17). 
In the Crude regression model, knee pain was significantly less prevalent with access to parks and 
sidewalks, access to fresh food stores, and a high population density (Table 3). After adjustment for 
sociodemographic confounders (Model 1) and behavior and activity covariates (Model 2), all three 
walkability factors remained statistically significant. After adjusting for population density in Model 3, 
the only statistically significant factor associated with less knee pain was ease of walking without slopes 
or stairs (PR = 0.91, 95% CI = 0.85–0.99). 
 
Table 2. Pearson correlations between neighborhood walkability factors and pain. 
 Mean SD Median Minimum Maximum 
R 
I II III IV V VI 
(i) Access to parks and 
sidewalks (score) 
2.94 0.29 2.96 1.94 3.81 1 
     
(ii) Access to fresh food 
stores (score) 
2.97 0.39 3.05 1.65 3.85 0.52 * 1 
    
(iii) Easy walking 
without slopes or stairs 
(score) 
2.56 0.38 2.61 1.44 3.29 −0.17 * 
0.08 
* 
1 
   
(iv) Population density 
(persons/km2) 
6543 4727 6719 22 31,565 0.44 * 
0.59 
* 
0.24 
* 
1 
  
(v) Knee pain (%) 29 6.8 27.7 15.6 51.4 −0.21 * −0.14 0.02 −0.33 * 1 
 
(vi) Low back pain (%) 32.9 6.9 32 13.6 51.4 −0.14 −0.14 −0.03 −0.17 * 
0.63 
* 
1 
For neighborhood factors (i to iv), n = 792, while for pain (v to vi), n = 148, calculated only for areas 
with more than 30 responses about pain. For factors i–iii, the average points on a scale from 1 to 4 (1 = 
none, 2 = few, 3 = some, 4 = many) were calculated for each community and then combined for analysis 
of each factor. * p < 0.05. SD = standard deviation. 
 
Table 3. Association between neighborhood walkability and knee pain by multilevel Poisson regression 
analysis (n = 22,892). 
 
Crude Model Model 1 a Model 2 b Model 3 c 
PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) 
Access to parks 
and sidewalks 
0.69 (0.63–0.76) * 0.84 (0.76–0.93) * 0.85 (0.77–0.94) * 0.92 (0.81–1.03) 
Access to fresh 
food stores 
0.81 (0.76–0.87) * 0.90 (0.84–0.96) * 0.90 (0.84–0.96) * 0.95 (0.87–1.03) 
Easy walking 
without slopes or 
stairs 
1.02 (0.94–1.10) 0.96 (0.89–1.04) 0.95 (0.88–1.02) 0.91 (0.85–0.99) * 
Population density 0.91 (0.89–0.93) * 0.96 (0.94–0.98) * 0.95 (0.93–0.98) * - 
PR = prevalence ratio; 95% CI = 95% confidence interval. a Model 1 was adjusted for sex, age, 
equivalent annual income, educational background, and past occupation. b Model 2 was adjusted for the 
covariates in Model 1 plus walking time, physical activity, driving status, BMI, and depressive symptoms. 
c Model 3 was adjusted for the covariates in Model 2 plus population density. * p < 0.05. 
 
For low back pain, the initial results were similar to those with knee pain (Table 4). However, with 
Models 1 and 2, only access to fresh food stores and population density remained significantly associated 
with less low back pain. After adjusting for population density, ease walking without slopes or stairs fell 
just short being statistically significant. 
Table 4. Association between neighborhood walkability and low back pain by multilevel Poisson 
regression analysis (n = 22,892). 
 
Crude Model Model 1 a Model 2 b Model 3 c 
PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) 
Access to parks and 
sidewalks 
0.81 (0.74–0.89) * 0.94 (0.85–1.03) 0.96 (0.88–1.06) 1.08 (0.97–1.20) 
Access to fresh food 
stores 
0.85 (0.80–0.90) * 
0.92 (0.86–0.98) 
* 
0.92 (0.86–0.98) 
* 
0.98 (0.91–1.06) 
Easy walking without 
slopes or stairs 
1.02 (0.95–1.09) 0.98 (0.91–1.05) 0.96 (0.89–1.03) 0.93 (0.87–1.00) 
Population density 0.92 (0.91–0.94) * 
0.96 (0.94–0.98) 
* 
0.96 (0.94–0.98) 
* 
- 
PR = prevalence ratio; 95% CI = 95% confidence interval. a Model 1 was adjusted for sex, age, 
equivalent annual income, educational background, and past occupation. b Model 2 was adjusted for the 
covariates in Model 1 plus walking time, physical activity, driving status, BMI, and depressive symptoms. 
c Model 3 was adjusted for the covariates in Model 2 plus population density. * p < 0.05. 
4. Discussion 
In a large and diverse, population-based sample, we found that subjectively perceived neighborhood 
walkability was associated with a lower prevalence of knee and low back pain. This relationship remained 
after adjusting for sociodemographic variables (Model 1). Although we adjusted for walking time, 
physical activity, driving status, BMI, and depressive symptoms as potential mediators, the association 
remained similar (Model 2). Even after adjusting for population density to eliminate that as a factor, one 
factor contributing to better walkability—ease of walking without slopes or stairs—was significantly 
negatively associated with knee pain (Model 3). To our knowledge, this is the first study indicating that 
features of the built environment may be correlated with the prevalence of musculoskeletal pain in a 
large-scale survey of older adults. 
Earlier studies of neighborhood walkability indicated a negative association with obesity [19], which 
is a risk factor for knee and low back pain [3,41]. A population-based study of 9046 adults in Japan 
reported that living in a rural area was associated with a high prevalence of knee pain and low back pain 
[42]. However, that study did not adjust for occupation. The jobs of primary industry workers tend to 
place a heavy burden on the knee and low back, and many of these individuals live in rural areas. In our 
study, after adjusting for past occupation, we found that higher population density, access to parks and 
sidewalks and fresh food stores, and easy walking without slopes or stairs were related to lower 
prevalences of knee pain and low back pain. 
The sociodemographic factors we assessed are considered key not only in regard to physical activity 
[43] and obesity [44] but to knee and low back pain, as we found relatively large changes in the PRs from 
the Crude Model to Model 1 after adjusting for sociodemographic factors. In fact, an association between 
low back pain and socioeconomic status, such as educational background, past occupations, and income, 
has been reported [31]. A longer time spent walking, greater physical activity, a lower BMI, and the 
absence of depression are factors known to be negatively related to knee and low back pain. Therefore, 
we initially hypothesized that these factors would be potential mediators, and as shown in the Appendix 
A, these factors were actually related to knee pain and low back pain. However, after adjusting for these 
covariates in Model 2, little change was seen in our results. Therefore, walking time, physical activity, 
BMI, and depression were thought to largely depend on sociodemographic status, and other factors 
should still be considered. Social environment variables such as social capital and safety may also be 
involved, as the social environment has been shown to be associated with cognitive function and social 
participation [45,46]. 
As a mechanism that might mediate the relationship between neighborhood walkability and pain, 
social interaction and the greenness provided by parks and sidewalks have been considered. Social 
interaction increases for people who frequently use parks [47] and can have a positive psychosocial 
influence. Good access to parks and sidewalks is likely to increase exposure to greenness which has also 
been shown to be associated with less obesity [48]. A fresh food store may be a place people would go 
every day, which would therefore encourage daily walking [25] as well as meeting friends. Such access to 
fresh food would also support a healthy diet that can be beneficial in preventing obesity. The relationship 
between walking up slopes or stairs and health is controversial [35,49]. However, to the extent that such 
features might hinder walking and physical activity among older adults, a flatter environment might be 
better in terms of walkability. Higher population density can lead to more walkable destinations, a better 
land-use mix, and better access to public transport and healthcare services [28]. We found that, compared 
with knee pain, low back pain was not significantly associated with access to parks and sidewalks or easy 
walking without slopes or stairs in Models 1–3. A previous review indicated that low back pain was 
strongly influenced by awkward posture among agricultural workers [50]. It may be, therefore, that knee 
pain is more closely linked with walking than is low back pain. 
Strengths of this study include the focus on the association between the built environment and 
musculoskeletal pain in a large-scale population-based study. Past research has mainly focused on 
individual factors vis-à-vis musculoskeletal pain. However, it is difficult to get regular exercise and 
maintain a desirable weight for people with and without pain. A population-based approach should also 
be used for investigating musculoskeletal pain, particularly when considering public policies to prevent 
disability or to improve the health system [21,51]. Our results will be useful in further research on 
environmental determinants of pain and specific population approaches such as the primordial prevention 
[52], which aims for a society where people live in a health-friendly place and remain healthy without 
additional effort because risk factors have been minimized. 
Several limitations of this study should be mentioned. First, with the exception of population density, 
our explanatory variables were subjectively assessed. A comprehensive scale that takes into account 
various factors, such as walk score or MAPS Global tool, may also be useful [53,54]. In this study, we 
focused on subjective indicators because it was easy to comprehend the actual situation of each element; 
however, evaluation of both subjective and objective indicators in the future will lead to a more detailed 
verification of the relationship between the built environment and pain. Second, we selected certain items 
that seemed to be particularly influential among various factors contributing to walkability, and that have 
been reported to be useful in previous studies [24–26]. Other variables such as street connectivity and 
safety may warrant inclusion in similar studies [23,55]. This study did not include them because we 
thought the other factors were unlikely to be related to pain alone. Further research must explore which 
built environment elements and scales are associated with musculoskeletal pain. Third, our outcomes 
included both acute and chronic pain. However, knee pain in older people is mostly due to OA [56], and 
the relationship weakens when other causes of knee pain are included. Therefore, it can be said that the 
connection to neighborhood walkability is strong. Fourth, as this is a cross-sectional study, it cannot 
prove a causal relationship. Exercise has been shown to have a preventive and therapeutic effect on low 
back pain [4,57], so better neighborhood walkability could theoretically be beneficial by improving 
access to exercise. People without knee pain or low back pain might choose to live in areas with good 
walkability, but we could not evaluate that in our study because we excluded those who have lived in the 
same neighborhood for 3 years or less. Longitudinal studies will be needed to better examine the nature of 
the relationship between neighborhood walkability and the incidence of musculoskeletal pain. Finally, 
although there is a high generalizability in Japan, it is difficult to generalize these results to other 
countries with greatly differing environments and cultures, such as those in Europe and America. In the 
future, aiming at the realization of a society where pain is naturally prevented, research should be 
conducted on whether improvement of the built environment helps reduce the prevalence of 
musculoskeletal pain in various regions. 
5. Conclusions 
Good neighborhood walkability with access to parks and sidewalks and fresh food stores, easy 
walking without slopes or stairs, and high population density were associated with a lower prevalence of 
knee and low back pain among older people, as demonstrated in this large-scale, population-based, 
multilevel analysis. Further studies should examine not only individual factors but also environmental 
determinants of pain. 
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Appendix A 
Table A1. Association between covariates and knee pain by multilevel Poisson regression analysis (n = 
22,892). 
  
Access to Parks 
and Sidewalks 
Access to Fresh 
Food Stores 
Easy Walking 
without Slopes 
or Stairs 
Population 
Density 
  PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) 
Sex Male ref ref ref ref Female 1.51 (1.42–1.60)  1.51 (1.43–1.60) 1.51 (1.43–1.61) 1.50 (1.42–1.59) 
Age, years 
65–69 ref ref ref ref 
70–74 1.21 (1.12–1.30) 1.20 (1.12–1.30) 1.20 (1.12–1.30) 1.21 (1.12–1.30) 
75–79 1.45 (1.34–1.56) 1.45 (1.34–1.56) 1.45 (1.34–1.56) 1.45 (1.35–1.57) 
80–84 1.68 (1.54–1.83) 1.68 (1.54–1.83) 1.68 (1.54–1.83) 1.68 (1.54–1.83) 
85+ 1.74 (1.57–1.94) 1.75 (1.57–1.94) 1.75 (1.57–1.95) 1.74 (1.56–1.94) 
Educational 
background, years 
13+ ref ref ref ref 
10–12 1.06 (0.98–1.15) 1.07 (0.98–1.15) 1.07 (0.99–1.16) 1.06 (0.98–1.15) 
<10 1.16 (1.07–1.25) 1.17 (1.08–1.26) 1.18 (1.09–1.28) 1.15 (1.06–1.25) 
Missing 1.17 (0.95–1.42) 1.17 (0.96–1.42) 1.19 (0.97–1.45) 1.15 (0.95–1.41) 
Equivalent annual 
income, yen 
4.0+ million ref ref ref ref 
2.0–3.9 million 1.22 (1.10–1.35) 1.22 (1.10–1.35) 1.22 (1.10–1.36) 1.21 (1.09–1.35) 
<2.0 million 1.02 (0.92–1.14) 1.03 (0.92–1.14) 1.03 (0.92–1.14) 1.02 (0.92–1.14) 
Missing 1.09 (0.97–1.22) 1.10 (0.98–1.23) 1.10 (0.98–1.23) 1.09 (0.97–1.22) 
Past occupation 
White-collar worker ref ref ref ref 
Blue-collar worker 1.08 (1.01–1.15) 1.08 (1.01–1.15) 1.08 (1.01–1.15) 1.07 (1.01–1.14) 
Primary industry 
worker 1.56 (1.41–1.73) 1.56 (1.45–1.72) 1.60 (1.45–1.77) 1.53 (1.37–1.69) 
Never worked 1.13 (1.01–1.26) 1.13 (1.01–1.26) 1.13 (1.01–1.26) 1.12 (1.01–1.25) 
Missing 1.16 (1.06–1.27) 1.16 (1.07–1.27) 1.16 (1.07–1.27) 1.15 (1.05–1.26) 
Walking time, min 
60+ ref ref ref ref 
30–59 1.20 (1.13–1.29) 1.21 (1.13–1.29) 1.21 (1.13–1.29) 1.20 (1.13–1.29) 
<30 1.11 (1.05–1.18) 1.11 (1.05–1.18) 1.11 (1.04–1.18) 1.11 (1.05–1.19) 
Missing 1.10 (0.93–1.30) 1.10 (0.93–1.30) 1.11 (0.94–1.32) 1.09 (0.92–1.29) 
Physical activity 
Daily ref ref ref ref 
Weekly 1.06 (0.98–1.14) 1.06 (0.98–1.14) 1.05 (0.98–1.13) 1.06 (0.99–1.14) 
Annually 1.10 (1.00–1.20) 1.10 (1.00–1.20) 1.09 (1.00–1.19) 1.10 (1.01–1.20) 
None 1.22 (1.13–1.32) 1.22 (1.13–1.32) 1.21 (1.13–1.31) 1.23 (1.14–1.32) 
Missing 1.15 (1.04–1.27) 1.15 (1.04–1.27) 1.15 (1.04–1.26) 1.15 (1.04–1.27) 
Driving status No ref ref ref ref Yes 1.02 (0.94–1.08) 1.04 (0.96–1.08) 1.04 (0.98–1.10) 1.01 (0.95–1.07) 
Body mass index, 
kg/m2 
18.5–24.9 ref ref ref ref 
<18.5 0.77 (0.69–0.87) 0.78 (0.70–0.87) 0.78 (0.69–0.87) 0.77 (0.69–0.87) 
25+ 1.38 (1.31–1.46) 1.38 (1.31–1.46) 1.39 (1.32–1.47) 1.38 (1.31–1.46) 
Missing 1.00 (0.60–1.67) 1.01 (0.61–1.67) 1.01 (0.61–1.68) 1.02 (0.62–1.70) 
Depression 
None (GDS < 5) ref ref ref ref 
Mild (GDS of 5–9) 1.52 (1.42–1.62) 1.52 (1.43–1.63) 1.52 (1.43–1.63) 1.52 (1.43–1.63) 
Severe (GDS ≥ 10) 1.79 (1.62–1.96) 1.79 (1.62–1.96) 1.79 (1.63–1.97) 1.78 (1.62–1.96) 
Missing 1.20 (1.12–1.29) 1.20 (1.12–1.29) 1.20 (1.12–1.29) 1.20 (1.12–1.29) 
PR = prevalence ratio; 95% CI = 95% confidence interval. 
Table A2. Association between covariates and low back pain by multilevel Poisson regression analysis (n 
= 22,892). 
  
Access to Parks 
and Sidewalks 
Access to Fresh 
Food Stores 
Easy Walking 
without Slopes 
or Stairs 
Population 
Density 
  PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) 
Sex Male ref ref ref ref Female 1.17 (1.11–1.23) 1.17 (1.11–1.23) 1.17 (1.11–1.23) 1.17 (1.11–1.23) 
Age, years 
65–69 ref ref ref ref 
70–74 1.03 (0.96–1.10) 1.03 (0.97–1.11) 1.03 (0.96–1.10) 1.03 (0.97–1.10) 
75–79 1.18 (1.10–1.27) 1.18 (1.10–1.27) 1.18 (1.10–1.27) 1.18 (1.10–1.27) 
80–84 1.28 (1.18–1.39) 1.28 (1.18–1.39) 1.28 (1.18–1.39) 1.28 (1.18–1.39) 
85+ 1.41 (1.28–1.56) 1.41 (1.27–1.56) 1.41 (1.28–1.56) 1.41 (1.27–1.55) 
Educational 
background, years 
13+ ref ref ref ref 
10–12 1.02 (0.95–1.09) 1.02 (0.95–1.09) 1.02 (0.95–1.11) 1.02 (0.95–1.09) 
<10 1.07 0.99–1.15) 1.06 0.99–1.14) 1.07 1.00–1.15) 1.05 0.98–1.13) 
Missing 1.01 (0.82–1.24) 1.01 (0.82–1.23) 1.01 (0.83–1.25) 1.00 (0.81–1.22) 
Equivalent annual 4.0+ million ref ref ref ref 
income, yen 2.0–3.9 million 1.25 (1.13–1.37) 1.24 (1.13–1.37) 1.25 (1.13–1.38) 1.24 (1.13–1.37) 
<2.0 million 1.11 (1.01–1.23) 1.11 (1.01–1.23) 1.11 (1.01–1.23) 1.11 (1.00–1.23) 
Missing 1.14 (1.02–1.27) 1.14 (1.02–1.27) 1.14 (1.03–1.28) 1.14 (1.02–1.27) 
Past occupation 
White-collar worker ref ref ref ref 
Blue-collar worker 1.01 (0.96–1.08) 1.01 (0.96–1.07) 1.01 (0.96–1.08) 1.01 (0.95–1.07) 
Primary industry worker 1.46 (1.33–1.61) 1.44 (1.31–1.59) 1.46 (1.34–1.63) 1.41 (1.28–1.56) 
Never worked  1.09 (0.98–1.22) 1.09 (0.98–1.21) 1.09 (0.98–1.22) 1.09 (0.98–1.21) 
Missing 1.09 (1.00–1.19) 1.09 (0.99–1.18) 1.09 (1.00–1.19) 1.08 (0.99–1.18) 
Walking time, min 
60+ ref ref ref ref 
30–59 1.28 (1.20–1.36) 1.28 (1.20–1.36) 1.28 (1.20–1.36) 1.28 (1.20–1.36) 
<30 1.11 (1.05–1.18) 1.11 (1.05–1.18) 1.11 (1.05–1.18) 1.11 (1.05–1.18) 
Missing 1.13 (0.95–1.33) 1.13 (0.95–1.32) 1.13 (0.96–1.34) 1.13 (0.95–1.32) 
Physical activity 
Daily ref ref ref ref 
Weekly 1.09 (1.02–1.17) 1.09 (1.02–1.17) 1.09 (1.02–1.17) 1.09 (1.02–1.17) 
Annually 1.06 (0.98–1.15) 1.06 (0.98–1.15) 1.06 (0.97–1.15) 1.06 (0.98–1.15) 
None 1.19 (1.11–1.28) 1.19 (1.11–1.28) 1.19 (1.11–1.27) 1.19 (1.11–1.28) 
Missing 1.20 (1.09–1.32) 1.20 (1.10–1.32) 1.20 (1.09–1.32) 1.21 (1.10–1.33) 
Driving status No ref ref ref ref Yes 1.08 (1.02–1.14) 1.08 (1.02–1.14) 1.09 (1.03–1.15) 1.08 (1.01–1.13) 
Body mass index, 
kg/m2 
18.5–24.9 ref ref ref ref 
<18.5 0.96 (0.87–1.05) 0.96 (0.87–1.05) 0.96 (0.87–1.05) 0.96 (0.87–1.05) 
25+ 1.18 (1.12–1.25) 1.18 (1.12–1.25) 1.18 (1.12–1.25) 1.18 (1.12–1.25) 
Missing 1.12 (0.72–1.73) 1.12 (0.72–1.73) 1.12 (0.72–1.73) 1.14 (0.73–1.76) 
Depression 
None (GDS < 5) ref ref ref ref 
Mild (GDS of 5–9) 1.53 (1.44–1.63) 1.53 (1.44–1.63) 1.53 (1.44–1.63) 1.53 (1.44–1.63) 
Severe (GDS ≥ 10) 1.81 (1.65–1.98) 1.81 (1.65–1.98) 1.81 (1.65–1.98) 1.80 (1.64–1.97) 
Missing 1.31 (1.23–1.44) 1.31 (1.23–1.40) 1.31 (1.23–1.40) 1.31 (1.22–1.40) 
PR = prevalence ratio; 95% CI = 95% confidence interval. 
References 
1. James, S.L.; Abate, D.; Abate, K.H.; Abay, S.M.; Abbafati, C.; Abbasi, N.; Abbastabar, H.; Abd-Allah, F.; 
Abdela, J.; Abdelalim, A.; et al. Global, regional, and national incidence, prevalence, and years lived with 
disability for 354 diseases and injuries for 195 countries and territories, 1990–2017: A systematic analysis for 
the Global Burden of Disease Study 2017. Lancet 2018, 392, 1789–1858, doi:10.1016/s0140-6736(18)32279-7. 
2. Briggs, A.M.; Cross, M.J.; Hoy, D.G.; Sanchez-Riera, L.; Blyth, F.M.; Woolf, A.D.; March, L. Musculoskeletal 
Health Conditions Represent a Global Threat to Healthy Aging: A Report for the 2015 World Health 
Organization World Report on Ageing and Health. Gerontologist 2016, 56, S243–S255, 
doi:10.1093/geront/gnw002. 
3. Roos, E.M.; Arden, N.K. Strategies for the prevention of knee osteoarthritis. Nat. Rev. Rheumatol. 2016, 12, 
92–101, doi:10.1038/nrrheum.2015.135. 
4. Steffens, D.; Maher, C.G.; Pereira, L.S.; Stevens, M.L.; Oliveira, V.C.; Chapple, M.; Teixeira-Salmela, L.F.; 
Hancock, M.J. Prevention of Low Back Pain: A Systematic Review and Meta-analysis. JAMA Intern. Med. 
2016, 176, 199–208, doi:10.1001/jamainternmed.2015.7431. 
5. Silverwood, V.; Blagojevic-Bucknall, M.; Jinks, C.; Jordan, J.L.; Protheroe, J.; Jordan, K.P. Current evidence 
on risk factors for knee osteoarthritis in older adults: A systematic review and meta-analysis. Osteoarthr. Cartil. 
2015, 23, 507–515, doi:10.1016/j.joca.2014.11.019. 
6. Fiuza-Luces, C.; Santos-Lozano, A.; Joyner, M.; Carrera-Bastos, P.; Picazo, O.; Zugaza, J.L.; Izquierdo, M.; 
Ruilope, L.M.; Lucia, A. Exercise benefits in cardiovascular disease: Beyond attenuation of traditional risk 
factors. Nat. Rev. Cardiol. 2018, 15, 731–743, doi:10.1038/s41569-018-0065-1. 
7. Japan Sports Agency. Opinion Survey about the Implementation Situation of Sports; Ministry of Health, Labour, 
and Welfare: Tokyo, Japan, 2019. 
8. Ministry of Health, Labour, and Welfare. Basic Survey on National Life; Ministry of Health; Ministry of Health, 
Labour, and Welfare: Tokyo, Japan, 2016. 
9. Bhatnagar, A. Environmental Determinants of Cardiovascular Disease. Circ. Res. 2017, 121, 162–180, 
doi:10.1161/circresaha.117.306458. 
10. den Braver, N.R.; Lakerveld, J.; Rutters, F.; Schoonmade, L.J.; Brug, J.; Beulens, J.W.J. Built environmental 
characteristics and diabetes: A systematic review and meta-analysis. BMC Med. 2018, 16, 26, 
doi:10.1186/s12916-017-0997-z. 
11. McCormack, G.R.; Cabaj, J.; Orpana, H.; Lukic, R.; Blackstaffe, A.; Goopy, S.; Hagel, B.; Keough, N.; 
Martinson, R.; Chapman, J.; et al. A scoping review on the relations between urban form and health: A focus on 
Canadian quantitative evidence. Health Promot. Chronic Dis. Prev. Can. 2019, 39, 187–200, 
doi:10.24095/hpcdp.39.5.03. 
12. WHO. Measuring the Age-Friendliness of Cities: A Guide to Using Core Indicators; WHO Centre for Health 
Development: Kobe, Japan, 2015. 
13. Cerin, E.; Nathan, A.; van Cauwenberg, J.; Barnett, D.W.; Barnett, A. The neighbourhood physical 
environment and active travel in older adults: A systematic review and meta-analysis. Int. J. Behav. Nutr. Phys. 
Act. 2017, 14, 15, doi:10.1186/s12966-017-0471-5. 
14. Wang, Y.; Chau, C.K.; Ng, W.Y.; Leung, T.M. A review on the effects of physical built environment attributes 
on enhancing walking and cycling activity levels within residential neighborhoods. Cities 2016, 50, 1–15, 
doi:10.1016/j.cities.2015.08.004. 
15. Barnett, D.W.; Barnett, A.; Nathan, A.; Van Cauwenberg, J.; Cerin, E. Built environmental correlates of older 
adults’ total physical activity and walking: A systematic review and meta-analysis. Int. J. Behav. Nutr. Phys. 
Act. 2017, 14, 103, doi:10.1186/s12966-017-0558-z. 
16. Bauman, A.E.; Reis, R.S.; Sallis, J.F.; Wells, J.C.; Loos, R.J.; Martin, B.W. Correlates of physical activity: 
Why are some people physically active and others not? Lancet 2012, 380, 258–271, 
doi:10.1016/s0140-6736(12)60735-1. 
17. Cervero, R.A.K.K. Travel Demand and the 3Ds: Density, Diversity, and Design. Transp. Res. Part D Transp. 
Environ. 1997, 2, 199–219, doi:10.1016/S1361-9209(97)00009-6. 
18. Hajna, S.; Ross, N.A.; Brazeau, A.S.; Belisle, P.; Joseph, L.; Dasgupta, K. Associations between 
neighbourhood walkability and daily steps in adults: A systematic review and meta-analysis. BMC Public 
Health 2015, 15, 768, doi:10.1186/s12889-015-2082-x. 
19. Creatore, M.I.; Glazier, R.H.; Moineddin, R.; Fazli, G.S.; Johns, A.; Gozdyra, P.; Matheson, F.I.; 
Kaufman-Shriqui, V.; Rosella, L.C.; Manuel, D.G.; et al. Association of Neighborhood Walkability with 
Change in Overweight, Obesity, and Diabetes. JAMA 2016, 315, 2211–2220, doi:10.1001/jama.2016.5898. 
20. Koohsari, M.J.; McCormack, G.R.; Nakaya, T.; Shibata, A.; Ishii, K.; Yasunaga, A.; Hanibuchi, T.; Oka, K. 
Urban design and Japanese older adults’ depressive symptoms. Cities 2019, 87, 166–173, 
doi:10.1016/j.cities.2018.09.020. 
21. Kondo, K. Progress in Aging Epidemiology in Japan: The JAGES Project. J. Epidemiol. 2016, 26, 331–336, 
doi:10.2188/jea.JE20160093. 
22. Adams, M.A.; Ryan, S.; Kerr, J.; Sallis, J.F.; Patrick, K.; Frank, L.D.; Norman, G.J. Validation of the 
Neighborhood Environment Walkability Scale (NEWS) items using geographic information systems. J. Phys. 
Act. Health 2009, 6, S113–S123. 
23. Frank, L.D.; Sallis, J.F.; Saelens, B.E.; Leary, L.; Cain, K.; Conway, T.L.; Hess, P.M. The development of a 
walkability index: Application to the Neighborhood Quality of Life Study. Br. J. Sports Med. 2010, 44, 924–
933, doi:10.1136/bjsm.2009.058701. 
24. Stark, J.H.; Neckerman, K.; Lovasi, G.S.; Quinn, J.; Weiss, C.C.; Bader, M.D.; Konty, K.; Harris, T.G.; Rundle, 
A. The impact of neighborhood park access and quality on body mass index among adults in New York City. 
Prev. Med. 2014, 64, 63–68, doi:10.1016/j.ypmed.2014.03.026. 
25. Tani, Y.; Suzuki, N.; Fujiwara, T.; Hanazato, M.; Kondo, N.; Miyaguni, Y.; Kondo, K. Neighborhood food 
environment and mortality among older Japanese adults: Results from the JAGES cohort study. Int. J. Behav. 
Nutr. Phys. Act. 2018, 15, 101, doi:10.1186/s12966-018-0732-y. 
26. Fujiwara, T.; Takamoto, I.; Amemiya, A.; Hanazato, M.; Suzuki, N.; Nagamine, Y.; Sasaki, Y.; Tani, Y.; 
Yazawa, A.; Inoue, Y.; et al. Is a hilly neighborhood environment associated with diabetes mellitus among 
older people? Results from the JAGES 2010 study. Soc. Sci. Med. 2017, 182, 45–51, 
doi:10.1016/j.socscimed.2017.04.008. 
27. Hanibuchi, T.; Nakaya, T.; Yonejima, M.; Honjo, K. Perceived and Objective Measures of Neighborhood 
Walkability and Physical Activity among Adults in Japan: A Multilevel Analysis of a Nationally 
Representative Sample. Int. J. Environ. Res. Public Health 2015, 12, 13350–13364, 
doi:10.3390/ijerph121013350. 
28. Glazier, R.H.; Creatore, M.I.; Weyman, J.T.; Fazli, G.; Matheson, F.I.; Gozdyra, P.; Moineddin, R.; 
Kaufman-Shriqui, V.; Booth, G.L. Density, destinations or both? A comparison of measures of walkability in 
relation to transportation behaviors, obesity and diabetes in Toronto, Canada. PLoS ONE 2014, 9, e85295, 
doi:10.1371/journal.pone.0085295. 
29. Ministry of Land, Infrastructure, Transport and Tourism. National Land Numerical Information Land 
Utilization Tertiary Mesh Data; Ministry of Land, Infrastructure, Transport and Tourism: Tokyo, Japan, 2016. 
30. Lakke, S.E.; Soer, R.; Takken, T.; Reneman, M.F. Risk and prognostic factors for non-specific musculoskeletal 
pain: A synthesis of evidence from systematic reviews classified into ICF dimensions. Pain 2009, 147, 153–
164, doi:10.1016/j.pain.2009.08.032. 
31. Ikeda, T.; Sugiyama, K.; Aida, J.; Tsuboya, T.; Watabiki, N.; Kondo, K.; Osaka, K. Socioeconomic inequalities 
in low back pain among older people: The JAGES cross-sectional study. Int. J. Equity Health 2019, 18, 15, 
doi:10.1186/s12939-019-0918-1. 
32. Muraki, S.; Akune, T.; Oka, H.; Mabuchi, A.; En-Yo, Y.; Yoshida, M.; Saika, A.; Nakamura, K.; Kawaguchi, 
H.; Yoshimura, N. Association of occupational activity with radiographic knee osteoarthritis and lumbar 
spondylosis in elderly patients of population-based cohorts: A large-scale population-based study. Arthritis 
Rheum. 2009, 61, 779–786, doi:10.1002/art.24514. 
33. Rautio, N.; Filatova, S.; Lehtiniemi, H.; Miettunen, J. Living environment and its relationship to depressive 
mood: A systematic review. Int. J. Soc. Psychiatry 2018, 64, 92–103, doi:10.1177/0020764017744582. 
34. Eriksson, U.; Arvidsson, D.; Gebel, K.; Ohlsson, H.; Sundquist, K. Walkability parameters, active 
transportation and objective physical activity: Moderating and mediating effects of motor vehicle ownership in 
a cross-sectional study. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 123, doi:10.1186/1479-5868-9-123. 
35. Hanibuchi, T.; Kawachi, I.; Nakaya, T.; Hirai, H.; Kondo, K. Neighborhood built environment and physical 
activity of Japanese older adults: Results from the Aichi Gerontological Evaluation Study (AGES). BMC Public 
Health 2011, 11, 657, doi:10.1186/1471-2458-11-657. 
36. Tsuji, T.; Miyaguni, Y.; Kanamori, S.; Hanazato, M.; Kondo, K. Community-level Sports Group Participation 
and Older Individuals’ Depressive Symptoms. Med. Sci. Sports Exerc. 2018, 50, 1199–1205, 
doi:10.1249/mss.0000000000001541. 
37. Schreiner, A.S.; Hayakawa, H.; Morimoto, T.; Kakuma, T. Screening for late life depression: Cut-off scores for 
the Geriatric Depression Scale and the Cornell Scale for Depression in Dementia among Japanese subjects. Int. 
J. Geriatr. Psychiatry 2003, 18, 498–505, doi:10.1002/gps.880. 
38. Sasaki, I.; Kondo, K.; Kondo, N.; Aida, J.; Ichikawa, H.; Kusumi, T.; Sueishi, N.; Imanaka, Y. Are pension 
types associated with happiness in Japanese older people?: JAGES cross-sectional study. PLoS ONE 2018, 13, 
e0197423, doi:10.1371/journal.pone.0197423. 
39. Wada, T.; Ishine, M.; Sakagami, T.; Okumiya, K.; Fujisawa, M.; Murakami, S.; Otsuka, K.; Yano, S.; Kita, T.; 
Matsubayashi, K. Depression in Japanese community-dwelling elderly--prevalence and association with ADL 
and QOL. Arch. Gerontol. Geriatr. 2004, 39, 15–23, doi:10.1016/j.archger.2003.12.003. 
40. Yoshimura, N.; Akune, T.; Fujiwara, S.; Shimizu, Y.; Yoshida, H.; Nishiwaki, Y.; Sudo, A.; Omori, G.; 
Yoshida, M.; Shimokata, H.; et al. Incidence of disability and its associated factors in Japanese men and 
women: The Longitudinal Cohorts of Motor System Organ (LOCOMO) study. J. Bone Miner. Metab. 2015, 33, 
186–191, doi:10.1007/s00774-014-0573-y. 
41. Zhang, T.T.; Liu, Z.; Liu, Y.L.; Zhao, J.J.; Liu, D.W.; Tian, Q.B. Obesity as a Risk Factor for Low Back Pain: 
A Meta-Analysis. Clin. Spine Surg. 2018, 31, 22–27, doi:10.1097/bsd.0000000000000468. 
42. Yoshimura, N.; Akune, T.; Fujiwara, S.; Shimizu, Y.; Yoshida, H.; Omori, G.; Sudo, A.; Nishiwaki, Y.; 
Yoshida, M.; Shimokata, H.; et al. Prevalence of knee pain, lumbar pain and its coexistence in Japanese men 
and women: The Longitudinal Cohorts of Motor System Organ (LOCOMO) study. J. Bone Miner. Metab. 2014, 
32, 524–532, doi:10.1007/s00774-013-0522-1. 
43. Althoff, T.; Sosic, R.; Hicks, J.L.; King, A.C.; Delp, S.L.; Leskovec, J. Large-scale physical activity data reveal 
worldwide activity inequality. Nature 2017, 547, 336–339, doi:10.1038/nature23018. 
44. Newton, S.; Braithwaite, D.; Akinyemiju, T.F. Socio-economic status over the life course and obesity: 
Systematic review and meta-analysis. PLoS ONE 2017, 12, 15, doi:10.1371/journal.pone.0177151. 
45. Wu, Y.T.; Prina, A.M.; Brayne, C. The association between community environment and cognitive function: A 
systematic review. Soc. Psychiatry Psychiatr. Epidemiol. 2015, 50, 351–362, doi:10.1007/s00127-014-0945-6. 
46. Levasseur, M.; Cohen, A.A.; Dubois, M.F.; Genereux, M.; Richard, L.; Therrien, F.H.; Payette, H. 
Environmental Factors Associated With Social Participation of Older Adults Living in Metropolitan, Urban, 
and Rural Areas: The NuAge Study. Am. J. Public Health 2015, 105, 1718–1725, 
doi:10.2105/ajph.2014.302415. 
47. Yoshitaka, O.; Mamoru, N.; Yutaka, I. Relationship between diversity of activities in urban parks and 
interaction in the local community. J. Jpn. Soc. Reveg. Technol. 2018, 44, 111. 
48. Pereira, G.; Christian, H.; Foster, S.; Boruff, B.J.; Bull, F.; Knuiman, M.; Giles-Corti, B. The association 
between neighborhood greenness and weight status: An observational study in Perth Western Australia. 
Environ. Health 2013, 12, 49, doi:10.1186/1476-069x-12-49. 
49. Sarkar, C.; Gallacher, J.; Webster, C. Built environment configuration and change in body mass index: The 
Caerphilly Prospective Study (CaPS). Health Place 2013, 19, 33–44, doi:10.1016/j.healthplace.2012.10.001. 
50. Khan, M.I.; Bath, B.; Boden, C.; Adebayo, O.; Trask, C. The association between awkward working posture 
and low back disorders in farmers: A systematic review. J. Agromed. 2019, 24, 74–89, 
doi:10.1080/1059924x.2018.1538918. 
51. Cohen, D.; Huynh, T.; Sebold, A.; Harvey, J.; Neudorf, C.; Brown, A. The population health approach: A 
qualitative study of conceptual and operational definitions for leaders in Canadian healthcare. SAGE Open Med. 
2014, 2, 2050312114522618, doi:10.1177/2050312114522618. 
52. Bonita, R.; Beaglehole, R.; Kjellström, T. Basic Epidemiology; World Health Organization: Geneva, 
Switzerland, 2006. 
53. Cerin, E.; Saelens, B.E.; Sallis, J.F.; Frank, L.D. Neighborhood Environment Walkability Scale: Validity and 
development of a short form. Med. Sci. Sports Exerc. 2006, 38, 1682–1691, 
doi:10.1249/01.mss.0000227639.83607.4d. 
54. Cain, K.L.; Geremia, C.M.; Conway, T.L.; Frank, L.D.; Chapman, J.E.; Fox, E.H.; Timperio, A.; Veitch, J.; 
Van Dyck, D.; Verhoeven, H.; et al. Development and reliability of a streetscape observation instrument for 
international use: MAPS-global. Int. J. Behav. Nutr. Phys. Act. 2018, 15, 19, doi:10.1186/s12966-018-0650-z. 
55. Zadro, J.R.; Shirley, D.; Pinheiro, M.B.; Bauman, A.; Duncan, G.E.; Ferreira, P.H. Neighborhood walkability 
moderates the association between low back pain and physical activity: A co-twin control study. Prev. Med. 
2017, 99, 257–263, doi:10.1016/j.ypmed.2017.03.003. 
56. Duncan, R.; Peat, G.; Thomas, E.; Hay, E.; McCall, I.; Croft, P. Symptoms and radiographic osteoarthritis: Not 
as discordant as they are made out to be? Ann. Rheum. Dis. 2007, 66, 86–91, doi:10.1136/ard.2006.052548. 
57. Geneen, L.J.; Moore, R.A.; Clarke, C.; Martin, D.; Colvin, L.A.; Smith, B.H. Physical activity and exercise for 
chronic pain in adults: An overview of Cochrane Reviews. Cochrane Database Syst. Rev. 2017, 77, 
doi:10.1002/14651858.CD011279.pub3. 
 
 
 
 
 
 
 
International Journal of Environmental Research and Public Health	 vol. 16 No. 23 
doi: 10.3390/ijerph16234598
2019 年 11 月 20 日公表済	
